The aim of this study was to determine the optimum plot size to evaluate the fresh matter of aerial part of dwarf pigeon pea i treatments (i = 5, 10, 15, and 20), r replications (r = 3, 4, 5, 6, 7 8, 9, and 10), and d precision levels (d = 5%, 10%, 15%, 20%, 25%, and 30%). In experiments designed on randomized block design with 5 to 20 treatments and four replications, plots with 9 m 2 were enough to identify significant differences among treatments regarding the fresh matter of aerial part in dwarf pigeon pea at 5% probability of 30% of the experiment overall mean.
INTRODUCTION
The dwarf pigeon pea (Cajanus cajan (L.) Millsp) belongs to the Fabaceae family. It is a woody plant with annual or perennial cycle and height of 1 to 1.5 m. It is used as cover crop due to its nitrogen fixation capacity. Moreover, in some continents, such as Africa and Asia, it is used as feed and food (Castro 1984) .
Studies with an important cultivar of dwarf pigeon pea (IAPAR 43, Aratã) focusing on aspects related to crop rotation (Ferrari Neto et al. 2012) , soil compaction (Farias et al. 2013) , influence on soil characteristics (Cardoso et al. 2014) , and nitrogen fixation (Rufini et al. 2014) showed promising characteristics of this pea. Dwarf pigeon pea's fresh matter of 23.80 t·ha -1 at 92 days after sowing demonstrates its potential as a cover crop (Pereira et al. 2016) .
In the area of Agricultural Sciences, it is important that field experiments are planned adequately in order to have reliability on research results. Thus, from the number of treatments and available experimental area, it is necessary to define the experimental design according to the homogeneity of the area. Subsequently, it is necessary to adjust the plot size and number of replications in order to obtain the desired experimental precision.
With data collected from basic experimental units (BEU) of uniformity trials (experiments without treatments), it is possible to estimate the coefficient of variation (CV) between BEU and the soil heterogeneity index (b) of Smith (1938) . The optimum plot size (Xo) can be determined by the method of Hatheway (1961) , according to experimental design, number of treatments, number of replications, and precision levels. This approach has been used for crop traits, such as cassava (Viana et al. 2003) , maize (Alves and Seraphin 2004) , wheat (Henriques Neto et al. 2004) , and common bean (MayorDurán et al. 2012) . Moreover, it has also been used to evaluate the fresh matter of soil cover crops, such as velvet bean (Cargnelutti Filho et al. 2014a ) and forage turnip (Cargnelutti Filho et al. 2014b ). In addition, the plot size and number of replications for pigeon pea (cultivar 'BRS Mandarim') have been investigated by Santos et al. (2016) . It is possible that the experimental design for cultivar 'IAPAR 43 (Aratã)' is distinct from the one for cultivar 'BRS Mandarim' , mainly by the distinct height of these cultivars.
The aim of this study was to determine the optimum plot size to evaluate the fresh matter of aerial part of dwarf pigeon pea (Cajanus cajan (L.) Millsp), cultivar IAPAR 43 (Aratã), in scenarios formed by combinations of numbers of treatments, number of replications, and precision levels.
MATERIAL AND METHODS
Three uniformity trials (experiments without treatments, in which the crop and all procedures performed during the experiment are homogeneous in the experimental area) were carried out with dwarf pigeon pea (Cajanus cajan (L.) Millsp), cultivar IAPAR 43 (Aratã), in an area of 30 m × 54 m (1620 m 2 ) located in southern Brazil at lat 29º42'S, long 53º49'W, and altitude of 95 m. According to Köppen climate classification, the climate is Cfa, humid subtropical with warm Summers and without a dry season defined (Heldwein et al. 2009 05-20-20) and sowing were performed on January 13, 2016. The area one, 30 m × 18 m (uniformity trial one), was sown with broadcast sowing; areas two, 30 m × 18 m (uniformity trial two), and three, 30 m × 18 m (uniformity trial three), were sown with row sowing. There was a 0.5 m spacing between rows. As recommended for uniformity trials by Storck et al. (2016) , cultural practices were carried out homogeneously in the experimental area.
In each uniformity trial, the central area with size of 24 m × 12 m (288 m 2 ) was divided into 288 BEU of 1 m × 1 m, forming a matrix with 24 rows and 12 columns. In the crop flowering period -i.e., on April 16, 2016 (94 days after broadcast sowing) for uniformity trial one, on April 16, 2016 (94 days after row sowing) for uniformity trial two, and on April 30, 2016 (108 days after row sowing) for uniformity trial three -, the plants were cut at the soil surface in each BEU of 1 m 2 . Hereafter, the fresh matter of aerial part (FM) was obtained by weighing in g·m -2 . The number of plants was counted in each BEU. The plant density obtained was 322,535 plants·ha , and 180,868 plants·ha -1 , for uniformity trials one, two, and three, respectively.
In each uniformity trial, plots with X R adjacent BEU in the row and X C adjacent BEU in the column were designed based on FM data of 288 BEU. The plots with different sizes and/or shapes were designed as (X = X R × X C ), i.e., (1×1), (12×4), and (12×6). Abbreviations X R , X C and X represent respectively the number of adjacent BEU in the row, number of adjacent BEU in the column, and plot size in number of BEU.
Hereafter, n -number of plots with X BEU of size (n = 288/X), M (X) -mean of plots with X BEU of size, V (X) -variance between plots with X BEU of size, CV (X) -coefficient of variation (in percentage) between plots with X BEU of size, and VU (X) -variance by BEU between plots with X BEU of size [VU (X) = V (X) /X 2 ] -were determined for each plot size (X).
Subsequently, two parameters were estimated: V1 (estimate of variance by BEU between plots with one BEU size) and b (estimate of soil heterogeneity index). Moreover, the coefficient of determination (r 2 ) of the function VU (X) = V1/X b of Smith (1938) was also determined. These parameters were estimated by logarithmic transformation and, consequently, linearization of the function VU (X) = V1/X b , i.e., logVU (X) = logV1 -b logX, whose estimation is weighed by the degrees of freedom (DF = n-1) associated to each plot size. The observed values of dependent [VU (X) ] and independent (X) variables and the function VU (X) = V1/X b (Smith 1938) were plotted. Experimental designs were simulated in a randomized block design (commonly used in field experiments) for scenarios formed by combinations of i treatments (i = 5, 10, 15, and 20), r replications (r = 3, 4, 5, 6, 7, 8, 9 , and 10), and d differences between treatment means, detected as significant at 5% probability and expressed as a percentage of the mean, i.e., different precision levels (d = 5%, 10%, 15%, 20%, 25%, and 30%). In this case, d = 5% indicates more precision and the other extreme d = 30% indicates smaller precision.
Xo was calculated, in number of BEU (rounded to the greater whole number), using the Equation 1 (Hatheway 1961): test power (P = 0.80, in this study), with DF; CV is the estimate of coefficient of variation between plots of one BEU size, in percentage; r is the number of replications; and d is the difference between treatment means detected as significant at 5% probability and expressed as a percentage of the overall mean of the experiment (precision). The DF to obtain the critical values (tabulated) of Student's t distribution were obtained by the equation DF = (i-1)(r-1), where i is the number of treatments and r is the number of replications. In this study, values of t 1 and t 2 were obtained with Microsoft Office Excel® application, through the functions t 1 = INVT(0.05; DF) and t 2 = INVT(0.40; DF), respectively. Statistical analysis were performed using Microsoft Office Excel® application. Pereira et al. (2016) suggest proper growth and development of dwarf pigeon pea. Furthermore, they also reveal the importance of continuing studies on the feasibility of dwarf pigeon pea, cultivar IAPAR 43 (Aratã), use as a cover crop specie, as already performed by Ferrari Neto et al. (2012) , Farias et al. (2013) , Cardoso et al. (2014) , and Rufini et al. (2014) .
RESULTS AND DISCUSSION
The CV of fresh matter of aerial part among the 288 BEU of 1 m 2 was 27.54%, 31.12%, and 33.28%, respectively, for uniformity trials one, two, and three (Table 1) . These values were relatively higher than the CV of 21.78% observed in the evaluation of fresh matter of aerial part of velvet bean (Cargnelutti Filho et al. 2014a ). Meanwhile, they were similar to the CV of 30.54% obtained by Pereira et al. (2016) in the evaluation of fresh matter of dwarf pigeon pea and other five cover crop species. Variability among the 288 BEU where the where b is the estimate of soil heterogeneity index; t 1 is the critical value of Student's t distribution for the significance level of the test (type I error) of α = 5% (5% of twotailed test) with DF; t 2 is the critical value of Student's t distribution, corresponding to 2(1-P) (two-tailed test), P is the probability of obtaining significant result, i.e., the (1) FM was evaluated is important to study the optimum plot size and it reflects the real conditions of field areas. Therefore, proper growth and development of dwarf pigeon pea plants in the three uniformity trials and the wide variability among the BEU provide credibility to this database for the proposed study.
Soil heterogeneity index (b) of Smith (1938) Table 1 . Designed plot size (X = X R × X C ) in basic experimental units (BEU) with X R adjacent BEU in the row and X C adjacent BEU in the column; number of plots with X BEU of size (n = 288/X); mean of plots with X BEU of size [M (X) Visually, for the three uniformity trials, accentuated decreases of variance per BEU [VU (X) ] in plots of six BEU (6 m 2 ), intermediate decreases between six and 12 BEU, and stabilization trend with plots greater than 12 BEU (Figure 1) were observed. Similar behavior was observed in velvet bean (Cargnelutti Filho et al. 2014a ) and forage turnip (Cargnelutti Filho et al. 2014b ). Therefore, in order to evaluate the fresh matter of aerial part of dwarf pigeon pea, plots of up to 12 BEU (12 m 2 ) are suggested because the gain in experimental precision (decrease of VU (X) ) with incremental increases in plot sizes from 12 BEU was inexpressive.
In the three uniformity trials, Xo in BEU for a fixed number of treatments (i) and replications (r) increases with increased desired precision (d). With fixed number of i and d, Xo decreases with the increase in number of r. Meanwhile, with fixed values of r and d, there is a reduction of Xo with increased number of i (Table 2 ). These findings agree with inferences of Cargnelutti Filho et al. (2014 a,b) . These authors explained that the larger the number of treatments and number of replications, the greater is the number of degrees of freedom of error and, consequently, the lower is the estimate of the residual variance (mean square error), i.e., the greater is the experimental precision.
Among the uniformity trials for the same i, r, and d, Xo was decreasing in the following order: trial two, trial three, and trial one ( experiment with five treatments (i = 5) and three replications (r = 3), aiming that in 80% of the experiments (power = 0.80) differences among treatments (d = 30%) of the experiment overall mean (lower precision) are detected as significant at 5% probability, the plot size should be 14 BEU (14 m 2 ). This plot size is suitable in field experiments but the experimental precision is low. Thus, in these same conditions, at the other extreme, plots with 1373 BEU (1373 m 2 ) would be necessary for d = 5% (greater precision). The experimental precision is greater in this situation but performing a field experiment with plot size of 1373 m 2 is impracticable. Therefore, high experimental precisions (low percentages of d) are difficult to obtain due to the elevated plot size (Cargnelutti Filho et al. 2014 a,b) .
The method of Hatheway (1961) is based on the fixed value of the soil heterogeneity index (b) of Smith (1938) ; Xo is dependent on the number of treatments (i), number of replications (r), and precision (d). Therefore, based on the number of treatments and the desired precision, a researcher can use the information from this study to plan the plot size and number of replications to be used. For example, if the researcher wants to evaluate the FM of ten treatments with precision of 25%, among the various options, plots of 18 BEU (18 m 2 ) and three replications, 12 BEU (12 m 2 ) and four replications, 9 BEU (9 m 2 ) and five replications, or 7 BEU (7 m 2 ) and six replications can be used (Table 2 ). In these four options, the experimental area would be respectively 540, 480, 450, and 420 m 2 . Thus, for the same precision (d = 25% in this case), smaller plots and more replications are more efficient in the experimental area use, as discussed in Alves and Seraphin (2004) , Henriques Neto et al. (2004 ), Cargnelutti Filho et al. (2014 , and Storck et al. (2016) . It is important to consider that with increased number of replications, larger number of evaluations are required, and being the trait difficult to measure and/or of high cost to be assessed, the use of larger plot sizes and lower replications can be advantageous, as there is enough experimental area. Therefore, the researcher should investigate considering the available experimental area, the number of treatments to be evaluated, and the desired precision, which combination of plot size and number of replications is more appropriate.
The information provided in this study enable these investigations for 192 scenarios consisting of combinations of i treatments (i = 5, 10, 15, and 20), r replications (r = 3, 4, 5, 6, 7, 8, 9 , and 10), and d differences among treatment means to be detected as significant at 5% probability (d = 5%, 10%, 15%, 20%, 25%, and 30%) (Table 2) . Alternatively, from uniformity trial two, other scenarios can be simulated by the Eq. 3 (Hatheway 1961 ) based on the estimates of b = 0.7716 index of soil heterogeneity of Smith (1938) (Figure 1 ) and on the coefficient of variation (CV = 31.12%) among the 288 BEU (Table 1) 
CONCLUSION
In experiments designed on randomized block design with 5 to 20 treatments and four replications, plots with 9 m 2 are enough to identify significant differences among treatments regarding the fresh matter of aerial part in dwarf pigeon pea at 5% probability of 30% of the experiment overall mean.
